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REMARKS 

Claims 54, 57-59, and 61-106 are pending in the application, claims 55, 56, and 60 
havmg been canceled and claims 68-106 having been added by the present amendment. 

The amendment of claim 54 is supported by the specification at, for example, page 5, 
lines 5-6 and at page 11, lines 2-9. Claims 57-59 and 62-67 have been amended for clarity (to, 
e.g., correct inadvertent grammatical errors and provide appropriate antecedent basis for the 
claim terms). Claim 61 has been amended to read as an independent claim New claims 68, 77, 
92, and 99 are supported by the specification at, for example, page 1, lines 9-16. New claims 69, 
78, 93, and 100 are supported by the specification at, for example, page 4, lines 29-30. New 
claims 70-73, 79, 80, 84, 94, 95, 101 and 102 are supported by the specification at, for example, 
page 14, lines 17-19. New claims 74, 75, 90, 91, 105, and 106 are supported by, for example, 
original claims 3 and 9. New claims 76 and 88 are supported by the specification at, for 
example, page 24, lines 3-8. New claims 81, 82, 83, 103, and 104 are supported by the 
specification at, for example, page 15, lines 18-22, New claims 87 and 89 are supported by the 
specification at, for example, page 5, lines 7-13. New claims 96-98 are supported throughout the 
specification at, for example, page 19, lines 3-8 and 24-31, page 30, lines 16-18, page 31, 
lines 4-9 and the Examples at pages 34-52. No new matter has been added. 



Claim Objections 

Claim 66 was objected to as being in an improper form. A multiply dependent claim 
should refer to other claims in the alternative only, but claim 66 depended from claim 64 and 
claims 55-62 (Office Action at page 2). 

Claim 66 has been amended to refer to other claims in the alternative only. Therefore, 
this objection may now be withdrawn. 

Claims 57 and 60 were objected to because they recited a variety of abbreviations that 
were not spelled out at their first appearance in the claims (Office Action at page 2). 

Claim 60 has been cancelled, and there is no apparent alternative to the terms used in 
claim 57. Claim 57 includes the terms Ml, M2, PI » P2, and PA, which are used routinely by 
those of ordinary skill in the art. Upon investigation, Applicants' representative could find no 
alternative names for these antigens, z.e., the terms used do not appear to be abbreviations. The 
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Examiner's attention-is directed to the attached pages from Virology, Lippincott-Raven, 
Philadelphia, Fields et al, eds., 3'^ Edition, 1996 (pages 90, 1358, and 1366; Exhibit A), where 
the terms Ml, M2, PBl, PB2, and PA are introduced, as if complete. Accordingly, this ground 
for rejection should be withdrawn. 

Claim 58 was objected to for reciting "pET65MP/NP"B^' and "pET65M/NP/D'* as if they 
were, themselves, proteins. The Examiner is correct m supposing that these terms represent 
plasmids that encode fusion proteins. Claim 58 has been amended to make this clear. Thus, the 
objection may now be withdrawn. 

Applicants' Declaration 

The declaration filed on May 24, 2000, under 37 C.F.R.§ 1.131 was found ineffective to 
overcome Suzue et al. (J. Immunol 156:873-879, 1996; herein, **Suzue''). The Examiner states, 
however, that a declaration stating "that the work was done in the USA, a WTO country or a 
NAFTA country" and including "the same evidence and arguments present in the instant 
declaration would be sufficient to overcome the reference" (Office Action at page 3). 

The declaration filed herewith is identical to the declaration filed on May 24, 2000, 
except that Applicants also declare that "[t]he work described in the Exhibit was conducted in 
the United States of America or Canada" (see ^1 6; Exhibit B). The declaration should, therefore, 
effectively remove not only Suzue, but also Roman et al {Immunol 88:487-492, 1996; herein, 
"Roman"). Roman was published after Suzue (re, after January I, 1996). 

As neither Suzue nor Roman can be applied against claims in the present application, the 
rejections based on these references (the rejection of claims 54, 55, 59, and 61-67 for alleged 
lack of novelty in view of Suzue and the rejection of claims 56-58 for alleged obviousness over 
Roman and Suzue) must be withdrawn. 

New Grounds for Rejection 

The Examiner states (Office Action at page 6): 

[ajpplicant has replaced the previously pending claims with claims limited to 
fusion proteins, but not limited in the nature of the stress protein. These 
amendments required a new search and the appHcation of new art. 
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The present action cannot properly be made final. The new ground of rejection is 
neither necessitated by Applicants' amendment nor based on information submitted in an 
information disclosure statement. MPEP at 706-07(a). Applicants' amendment limited 
the compositions claimed lo fusion proteins, but these compositions have been before the 
Examiner since prosecution began. Applicants elected to prosecute the claims of 
Group I, which included the following claim (claim 5): 

5. The vaccine of Claim 1 wherein the antigen and the stress protein are 

linked as a fusion protein. 

Thus, the Examiner could have, and should have, searched for ait concerning fusion 
proteins earlier. Nothing in Applicants' amendment necessitated a new search. Accordingly, the 
Examiner is asked to reconsider and withdraw the "finality" of the present Office Action (and 
enter the amended claims shown above). 

35 U.S. C. S 10203) 

Claims 54, 55, 58, and 61-67 are rejected as being anticipated by Young 
(WO 94/29459; herein, "Young In characterizing Young, the Examiner states (Office 
Action at page 6; emphasis added): 

* Young discloses fusion proteins of microbial stress proteins and an antigen of 
interest 

* Young sets forth that fusion proteins can be made between a stress protein and 
any antigen 

* Antigens of viral pathogens , bacteria , or cancer cells are specifically 
contemplated 

* The fusion proteins are administered to mice in a pharmacologically acceptable 
carrier or diluent, phosphate buffered saline 

This ground for rejection should be withdrawn in view of the present amendment. As the 
Examiner knows, *'[t]o anticipate a claim, a reference must disclose every element of the 
challenged claim and enable one skilled in the art to make the anticipating subject matter." PPG 
Industries, Inc. v. Guardian Industries Corp. 75 FJd 1558 (Fed. Cir. 1996). Young does not 
"disclose every element" of the present claims. Each of the present independent claims is limited 
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to a fusion protein <or compositions containing it, or methods of using it) that includes a stress 
protein, or a portion thereof, and a particular antigen or an antigenic portion thereof. For 
example, claim 54 is hmited to a fusion protein comprising an antigen of the influenza virus, flf^ 
claim 69 is limited to a fusion protein comprising a human papillomavirus (HPV) antige^ 

-Uilli"? jj liiiii li i l H i i I 1 ' ■ ■-r"'^" - [ ' l'-""' ■ ■■ ■■ ■ ■ii eintQd DntigOHfl>^n d 

< *faim 00 ij liiiiitLd to a fui i n ii i r jumpiijing particular illTgrn^ . Young does not disclose 

an antigen of the influenza vims^an HPV antige^ oHhw pmtiuulu f turooi miuuc iatodfintignnr 
nllnrcrnn ' V i " I ' '''""^ Therefore, Young cannot anticipate the present 

claims. 

Young's disclosure of generic fusion proteins is not enough. While the earher disclosure 
of a species defeats a claim to the genus encompassing it, the opposite is not true, /n re Gosteli, 
872 F.2d 1008 (Fed. Cir. 1 989). An earher disclosure of the genus does not anticipate each and 
every species within it. For example, in Coming Glass Works v. Sumitomo Electric U.S.A., the 
patent at issue claimed germania as a dopant for use in an optical waveguide fiber. Although the 
prior art disclosed waveguide fibers with doped cores, and suggested titania as the dopant, the 
court found the claims covering the use of germania were not anticipated. The court noted that 
the prior art did not expressly disclose germania, nor did it exclude it. 868 F-2d 1251 (Fed. Cir. 
1989). 

The facts of the present case are entirely consistent with those in Coming Glass. Here, 
Applicants claim fiision proteins containing specific antigens that were neither disclosed in, nor 
excluded by, the prior art. The rejection for anticipation should therefore be withdrawn. 

35 U.S.C. § 103 

Claims 56-58 and 60 are rejected as being obvious over Young in view of Srivastava 
(U.S. Patent No. 5,837,251; herein, "the '251 patent"). Claim 56 has been canceled, but the 
Umitation of that claim (that the antigen is an antigen of the influenza virus) has been 
incorporated into amended claim 54. Claim 60 has also been canceled, but the limitations of that 
claim have been incorporated into other claims as well (see, e.g., new claims 69, 70, and 79). 

As a preliminary matter. ApoUcants note that claims 61-67 are not rejected as b eing 
obvious . For the reasons described above, these claims cannot, as a matt er of law, be rightfiilly 
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r^ ,ertedfor lack of novelty . Accordindv. at least cUims 61-67 are now in conditionfor 
allowance (claim 61 has been rewritten as an indepejid gntda^^ action is respectfully 
requested . 

In describing the basis for the obviousness rejection of claims 56-58 and 60, the 
Examiner reiterates her characterization of Young (Office Action at pages 7-8), and then states 
that the '251 patent "discloses complexes of hsp proteins from the hsp60, hsp70 and hsp90 
families in complex with antigens such as tumor antigens or influenza antigens" (Office Action 
at page 8).' After stating that the '251 patent "discloses the benefits of combining viral antigens 
and cancer antigens with a stress protein, and Young discloses that those antigens in fusion with 
one another provide good T cell reactivity upon immunization," the Examiner argues that one 
"would have been motivated to create a fusion protein comprising the influenza or cancer antigen 
in fusion with the stress protein so that the two moieties would be sure to stay together 
throughout the antigen presentation process, ensuring a better response" (Office Action at 
page 8). 

To estabHsh a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the an, to modify the reference or to 
combine reference teachings. Second, there must be a reasonable expectation of success. Third, 
the prior ait reference(s) must teach or suggest all the claim limitations. MPEP at 2143. Neither 
the first nor the second requirements are met with respect to claim 54, which now carries the 
limitation previously recited in claim 56, or claims 57, 58, or 60. 

Nothing in Young or the '251 patent provides the motivation to modify or combine their 
teachings, and the Examiner appears to clearly recognize that. Instead of using the references to 
establish the requisite motivation, the Examiner argues, as noted above, that one of ordinary skill 
in the art would have been motivated to make the claimed fusion proteins because the two 
moieties within a fusion protein "would be sure to stay together throughout the antigen 
presentation process" and this would ensure "a better response" (Office Action at page 8). Thus, 



' The complexes disclosed in the '25 1 patent are strictly limited to non-covalent complexes; fusion proteins are not 
suggested in any way. 
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the Examiner's case of prima facie obviousness relies on the "skill in the art" component- This 
component is rarely sufficient 10 support an obviousness rejection, and it cannot do so here. 

InAl-Site Corp. v. VSI Intern,, Inc., VSI attempted to invahdate Al-Sitc's patent by 
arguing, inter alia, that the claimed subject matter (a hanger for displaying non-prescnption 
eyeglasses) was obvious. 174 F.3d 1308 (Fed. Cir. 1999). VSI v^as unable to point to any 
specific teaching or suggestion for making the claimed combination of elements, so it relied 
instead on what it presumed to be the level of ordinary skill in the art at the time of the invention 
to supply the missing suggestion to combine. VSI's argument failed, the court stating {Al-Site at 
1324): 

In the first place, the level of skill in the art is a prism or lens through which a 
judge or jury views the prior art and the claimed invention. This reference point 
prevents these deciders from using their own insight or, worse yet, hindsight, to 
gauge obviousness. Rarely, however, will the skill in the art component operate 
to supply missing knowledge or prior art to reach an obviousness judgment. See 
W.L Gore&Assocs,, Inc, v. Garlock, Inc. 721 F.2d 1540, 1553, 220USPQ 303, 
312-13 (Fed. Cir. 1983) ("To imbue one of ordinary skill in the art with 
knowledge of the invention in suit, when no prior art reference or references of 
record convey or suggest that knowledge, is to fall victim to the insidious effect of 
a hindsight syndrome wherein that which only the inventor taught is used against 
its teacher."). Skill in the art does not act as a bridge over gaps in substantive 
presentation of an obviousness case, but instead supplies the primary guarantee of 
objectivity in the process. 

The Examiner is attempting to bridge an important gap in this case with nothing 
more than an unsupported statement concerning what one of ordinary skill in the 
art might think. But, as in Al-Site, the gap cannot be bridged (VSI supported their 
contention with prior art patents and still failed). The facts cannot support the ^ 
conclusion that one of ordinary skill in the art would have been motivated to use 
the influenza antigens disclosed in the '251 patent as part of a fusion protein. 
There is simply nothing upon which to base the presumption that the components 
of a fusion protein would "stay together** any better than the components of the 
protein complexes in the '25 1 patent. Indeed, the *251 patent teaches that non- 
covalent hsp-containing complexes occur naturally in patients. For example, the 
'251 patent teaches (8:57-67; emphasis added); J 
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The methods of the invention compnse methods of eliciting an immune 
response in an individual in whom the treatment or prevention of 
infectious diseases or cancer is desired by administering a composition 
composing an effective amount of a complex, in which the complex 
consists essentially of a hsp noncovalently bound to an antigenic 
molecule. In a preferred embodiment, the complex is autologous to the 
individual; that is, the complex is isolated from either [from] the infected 
cells or the cancer cells for precancerous cells of the individual himself 
(e.g., preferably prepared from infected tissues or tumor biopsies of the 



The complexes can also be isolated from healthy individuals. The '251 patent 
teaches that (6:12-14; emphasis added): 

Alternatively, the hsp and or the antigenic molecule can be isolated 
from ... others {i.e., one other than the patient] 

Thus, the non-covalent protein complexes described in the '251 patent are stable under 
normal physiological conditions (otherwise they could not be isolated from healthy 
individuals), as well as under extreme physiological conditions (z.e., when the cell is 
infected, cancerous, or exposed to another form of stress, such as heat; that is, after all, 
how hsps exert their protective effect - by complexing with other proteins). There is no 
evidence that fusion proteins would be more stable (a covalent bond is not invincible), 
nor is there any evidence that those of ordinary skill in the ait would presume as much. 
This is the Examiner's supposition, made with full knowledge of Applicants' success 
with fusion proteins, but it cannot be fairly attributed to one of ordinary skill in the art at 
the time the invention was made. 

Furthermore, even if there was reason to presume that fixsion proteins will "stay 
together/' nothing suggests that they will produce a "better response" than the non- 
covalent complexes of the '25 1 patent. To the contrary, it was known in the art that 
recombinant proteins (which fusion proteins would necessarily be) are not as 
immunogenic as polymeric proteins (such as non-covalently bound protein complexes). 
For example, in the background section of his U.S. Patent (No. 4,918,166, a copy of 
which is attached as Exhibit C), Kingsman states (emphasis added): 



patient). 
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A substantial disadvantage of most antigens produced by recombinant 
DNA techniques for vaccmes is that they are usually made as simple 
monomeric proteins . This is not the ideal configuration for an immunising 
antigen as it does not readily permit the cross-linking of the components of 
the immune system that is required for maximum stimulation of humoral 
and cellular immunity. An ideal immunogen is a polymer of multiple 
antigenic determinants assembled into a high molecular weight carrier. A 
good immunogen should also have the maximum number [of] epitopes 
exposed. This is best achieved by presenting multiple copies of the 
antigen on the surface of a particle. 

In view of the foregoing, it should be clear that there is no motivation to combme Young and the 
'25 1 patent to arrive at the subject matter now claimed. On this basis alone, the rejection for 
obviousness should be withdrawn. 

The prior art of record also fails to supply a reasonable expectation of success. The 
consistent criterion for determining obviousness has been whether the prior art suggests to one of 
ordinary skill in the art that the claimed invention should be carried out and would have a 
reasonable likelihood of success - both the suggestion and the expectation of success must be 
found in the prior art. In re Dow Chemical Co,, 837 F.2d 469 (Fed, Cir. 1988). As one of 
ordinary skill is charged with knowledge of the entire body of technological literature, one would 
necessarily be aware of the teaching of Kingsman (see the excerpt above). Given that teaching, 
Applicants had, at most, only an invitation to experiment, and that is not sufficient to maintain a 
rejection for obviousness. The prior art cannot provide a reasonable expectation for success with 
fusion proteins containing the particular antigens now claimed, This ground for rejection should 
be withdrawn. 
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Attached is a marked-up version of the changes being made by the current amendment. 
Applicants ask that all claims be examined. Enclosed is a check for S445 for the Petition for 
Extension of Time fee. Please apply any other charges, or any credits, to Deposit Account 
No. 06-1050 

Respectfully submitted. 



Date: 





Lee Crews, Ph.D. 
Reg. No. 43,567 



Fish & Richardson P.C. 
225 Franklin Street 
Boston, MA 021 10-2804 
Telephone: (617) 542-5070 
Facsimile: (617)542-8906 
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Version with markings to show changesjnade 

In the claims: 

Claims 55, 56, and 60 have been cancelled. 

Claims 54, 57-59, and 61-67 have been amended as follows- 

54. (Amended) A fusion protein comprising an antigen of an influenza viiu s, or an 
antigenic portion thereof, and a stress protein, or a portion [of the amino acid sequence of the 
stress protein] thereof, wherein the [stress] fusion protein [or the portion thereof is able to induce 
a cell mediated cytolytic] induces an immune response against the antigen in a mammal to whom 
the fusion protein is administered . 

57. (Amended) The fusion protein of claim [56] 54, wherein the antigen of the influenza 
virus is [selected from the group consisting of] hemagglutinin, nucleoprotein, neuraminidase. Ml, 
M2, PBl, PB2, or PA [and a combination thereof]. 

58. (Amended) The fusion protein of claim 54, wherein the fusion protein is [selected 
from the group consisting of] encoded by plasmid pET6SMP/^fP-B [and] orplasmid 
pET65MP/NP-D. 

59. (Amended) The fusion protein of claim 54, wherein the antigen includes a [cytolytic 
T cell] CTL epitope. 

61. (Amended) [The] A fusion protein [of claim 54 wherein the stress protein is] 
comprising an antigen of the influenza virus, or an antigenic portion ther eof, and a bacterial 
stress protei n, or a portion thereof, wherein the f u sion protein induces an immune response 
against the antigen in a mammal to whom the fusion protein is administered. 
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62. (Amended) The fusion protein of claim 61, wherein the bacterial stress protein is a 
mycobacterial stress protein. 

63. (Amended) [The] A composition comprising the fusion protein of [any one of claims 
54-62, in combination with] of claim 54 and a pharmaceutically acceptable excipient, carrier, 
diluent, or vehicle. 



64. (Amended) A method of inducing [a cell mediated cytolytic] m immune response 
against an antigen of an influenza virus , ffie method comprising administering the fusion protein 
of claim 54 to a vertebrate in an amount effective to induce an immune response [a fusion 
protein according to claim 54] against the antigen . 

65- (Amended) The method of claim 64^ wherein the fusion protein is administered in 
combination with a phamiaceutically acceptable excipient, cairier, diluent^ or vehicle. 

66. (Amended) [The] A method of inducing an immune response against an antigen_of 
the influenza virus, the method comprising administering the fusion protein of [claim 64 with th 
fusion protein of any one of claims 55-62] claim 58 to a vertebrate in an am ount effective to 
induce an immune response against the antigen . 

67. (Amended) The method of claim 66^ wherein the fusion protein is administered in 
combination with a pharmaceutically acceptable excipient, carrier, diluent^ or vehicle. 
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Th^ Neuraminidase 

The neuraminidase. NA, is a terramer of identical sub- 
units. It has a molecular weight of approximately 240,000, 
and it appears in die electron microscope to have a box- 
shaped head on a thin stalk that is anchored in the viral 
membrane. Both head and stalk are N-glycosylated at two 
to five sites, depending on the particular NA. The mole- 
cule projects form the viral surface by about 120 A; it is 
therefore similar in length to the 135-A HA. NA is an- 
chored in the membrane by an NHj-tcrminal hydropho- 
bic region that also serves as its signal sequence. Tetramer- 
ic heads, enzymically and antigenically indistinguishable 
from the intact molecule, can be released from the stalks 
by proteolytic digestion, and their three-dimensional struc- 
tures have been determined by x-ray crystallography (32). 
These analyses show that each subunit consists of six 
four-stranded, W-shaped (i-sheets in which the strands 
are connected by reverse turns. The fourth strand of each 
sheet is connected across the upper face to the first strand 
of the following sheet. The first strands of the sheets near- 
est the center of the subunit are almost parallel with the 
fourfold axis of symmetry of the complete tetramer, and 
the sheets gradually twist so that the fourth strands are 
almost at nght angles to the first. This arrangement gives 
the subunit the shape of a six-bladed propeller (Fig, 29). 

NA catalyzes the cleavage of a-(2,3) and a-(2,6) gly- 
cosidic linkages between terminal sialic acids and the 
penultimate sacchande residues of glycoprotein and gly- 
colipid carbohydrate side chains (33). As a result, it re- 
moves the sialic acid residues recognized by HA and de- 
stroys the influenza receptor activity of glycoconjugates. 
During viral replication, NA activity ensures efficient re- 
lease of newly assembled viruses from the desialylated 
infected cell surface, and the production of desialylated 
viral glycoproteins prevents aggregation of virus pani- 
cles by inappropriate H A/receptor interactions. These es- 
sential roles make NA a target in antiviral drug design 
programs based on the structure of the enzyme active site 
and its interactions with sialic acid. 

X-ray studies of crystalline NAysialic acid complexes 
show that the enzymatic active site is structurally quite 
different from the sialic acid receptor recognition site in 
the HA (157). The active site is located on the membrane 
distal surface near the axis relating the six p-sheets. It 
contains seven charged residues, which are completely 
conserved in all influenza NAs. The carboxyl group of 
the a-anomeric sialic acid reaction product interacts in 
an equatorial orientation with three conserved arginine 
residues, and the 5-A^-acetyl and 6-glyceryl groups also 
interact with conserved amino acid side chains. Detailed 
examinahon of the site and computer predictions of mod- 
ifications to bound sialic acid that might mcrease inter- 
actions with the enzyme showed that the 4-hydroxyl 
group, which is directed toward conserved glutamic acid 
1 19, was a candidate for modification. Introduction of a 
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guanidinyl group at this position m a previously charac- 
terized inhibitory sialic acid analog has led to the pro- 
duction of a potent and specific neuraminidase inhibitor 
and anti-influenza compound (157). 

Antigenic Variation 

Analyses of the structures of NA and HA have been 
directed in large measure toward understanding the mol- 
ecular basis of antigenic variation — a notorious proper- 
ty of influenza virus. As surface glycoproteins. HA and 
NA are exposed to interactions with antibodies that block 
infcctivity- During an influenza pandemic period they 
both vary considerably, and to about the same extent. The 
regions of the molecules subject to vanaiion can be iden- 
tified by locating the positions of changes in amino acid 
sequence on the three-dimenstonal structures of HA and 
NA. Such studies indicate that the residues primarily in- 
volved in both glycoproteins are components of their 
membrane distal surfaces. The antigenic significance of 
the changes can be inferred from similar analyses of the 
sequence changes in antigenic variant glycoproteins, se- 
lected by growing virus in the presence of monoclonal 
antibodies that block infcctivity. There is an excellent cor- 
respondence between the locations of changes in natural 
variants and those selected in vitro (163). X-ray studies 
of monoclonal antibody selected variants of both HA and 
NA glycoproteins have also shown that the site of the 
amino acid substitution in the variant defines the site of 
antibody binding. That is, the structural differences be* 
tween wild type and variant HAs and NAs are confined 
to the location of the substituted ammo acid. The most 
direct formal proof of this conclusion has come from x- 
ray studies of NA-monoclonal Fab complexes (31). They 
indicate that about 700A' of the membrane-distal NA sur- 
face arc buned in the bound antibody fragment, includ- 
ing approximately 17 amino acid residues in five dis- 
continuous loops. All the amino acids substituted in 
differeni variant NAs selected by the antibody are com- 
ponents of the buried surface, directly proving the con- 
clusion that such subsiimtions define the location of the 
epitope. Structural changes detected in the bound Na, al- 
though small, may be important for the strength of the 
antibody/antigen intcraction. 

The Ion Channel Protein, M2 

The influenza A virus ion channel, a relatively minor 
component of the viral membrane, is formed by the nong- 
lycosylated transmembrane polypeptide, (79). This 
protein is the smaller product of the gene that encodes 
the matrix protein, M,. The channel is a tetramer that con- 
tains two noncovalently associated dimers, each with an 
internal disulfide link (83,148). The polypeptide chain is 
oriented so that, of the 97 amino acids, the NH.-terminal 
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13,588 nucleotides. In this chapter no aacmpt has been 
made to cite the onginal publication of the several hundred 
influenza virus nucleotide sequences obuiined and deposited 
m the EMBL/GenBank database. Although the nucleotide 
sequence of the-RNA segments provides the definitive 
proof of the coding assignment of the genes, these assign- 
ments were made earlier by ingenious experiments using 
genetic methods and hybrid-arrest of translation strategies 
[reviewed in (21 1 )]- 

The first 12 nucleotides at the 3' end and the first 13 nu- 
cleotides at the 5' end of each vRNA segment are con- 
served in all eight RNA segments (see Fig. 15). Recent 
studies using RNAs of altered sequence and reconsiitution 
of the transcriptase activity indicate a promoter role for 
these sequences m transcription (see below). 

The PoWmerasc Proteins and their Genes 

I 



Influenza B and C viruses also encode three proteins 
which shovv extensive sequence identity and homology to 
those of influenza A virus, and it is presumed these pro- 
teins have roles and properties similar to those of influen- 
7.a A virus. 

The Nucleocapsid Protein and its Gene 

The NP is the major structural protein that interacts with 
the RNa segments to form the RNR Nucleocapsid protein 
IS also one of the typc-speciflc antigens that distinguishes 
between the influenza A, B, and C viruses. The N? protein 
15 also the major target of cross-reactive cytotoxic T lym- 
phocytes generated against all influenza virus subtypes in 
mice and man [reviewed in (418)]. The NP protein is en- 
coded by RNa segment 5 which for influenza A virus is 
1 ,565 nucleotides in length. The NP protein contains 498 
amino acids with a predicted M, of 56,101: the protein is 



The three largest RNA segments encode the PBl, PB2, 
and PA proteins (apparent H ^96,000. 87,000. and 85,000, 
respectively) (158,206). Because of anomalous migration 
of influenza virus RNA segments on gels, the proteins en- 
coded by RNA segments I and 3 from different subtypes 
are different. Therefore, the proteins are named after their 
behavior on isoelectric focusing gels: two P proteins were 
found to be basic (PB 1 and PB2) and one acidic (PA) (144, 
372,41 I). RNA segments 1 and 2 are both 2,341 nu- 
cleotides in length and code for proteins of 759 amino 
acids (PB2) and 757 amino acids (PBl), respectively, and 
PBl and PB2 are basic proteins at pH 6.5 with a net charge 
of +28. As the sizes of the two polypeptides PB 1 and PB2 
are very similar, the ability to separate them on polyacry- 
lamidc gel electrophoresis must be due to factors such as 
differential binding of SDS. RNA segment 3 is 2,233 nu- 
cleotides in length and codes for a protein of 71 6 amino 
acids that has a charge of -13.5 at pH 6.5. Of the three 
polymerase proteins, PBl has been implicated in catalyt- 
ic activity including nucleotide polymerization and chain 
elongation (35). All viral RNA-dependent RNA poly- 
merases examined lo date contain four conserved motifs 
(301), and a mutational analysis of these conserved mo- 
tifs in PBl indicates that invariant residues in each of these 
motifs arc critical in PBl function (25). The three P pro- 
teins form a complex m the cytoplasm and nucleus of cells 
that is largely resistant to disruption by normal immuno- 
precipitation bufTers and the complex sediments on su- 
crose gradients at 1 1 to 22S (76). After synthesis in the 
cytoplasm, the P proteins arc transported to the nucleus, 
possibly as a complex. However, expression of the indi- 
vidual P proteins from cDNA has shown that each P pro- 
tein migrates to the nucleus and thus contains a karyophilic 
signal (4,163,354), A fuller description of the known fiinc- 
tions of the PB2, PBl, and PA proteins in RNa synthesis 
is presented below. 



rich in arginine residues and has a net positive charge of 
+ 14 at pH 6.5 (410). However, unlike what might be ex- 
pected for a protein that interacts with the acidic phosphate 
residues of RNA, there are no clusters of basic residues 
which suggest that probably many regions of the NP mol- 
ecule interact with RNA. The NP is phosphorylatcd (293, 
306.308), but it is not clear what percentage of NP mole- 
cules are phosphorylatcd or whether phosphorylation is 
essential for fiinction. Af^er synthesis in the cytoplasm, NP 
molecules are transported to the nucleus. Nuclear target- 
ing of NP IS an intrinsic property of the protein (235,332), 
and a molecular analysis has indicated that NP residues 
327 to 345 arc sufficient and necessary to target NP to the 
nucleus (74). Interestingly, the NP karyophilic sequence 
has little resemblance to the prototype basic residue se- 
quence identified in SV40 T-antigcn ( 165,166). 

The mechanism of assembly of the nucleocapsid is poor- 
ly understood. Both virion RNA (- strand) and template 
strand) RNas art? found associated with NP molecules, 
whereas the viral mRNAs (+ strand) are not encapsidated 
(121,302); therefore, there must exist a mechanism that 
prevents NP from association with mRNAs. Although NP 
protein synthesized from cDNA in bacteria associates with 
many RNA species (and DNA), this inccTHction lacks speci- 
ficity ( 1 84). Influenza virus must form RNPs with all eight 
RNA segments, and if there is a conunon nucleation site 
it may lie in the conserved 3' and 5 '-terminal nucleotides 
which are found on vRNA and template RNA strands. Be- 
cause template (+ strand) RNAs are encapsidated with NR 
whereas mRNAs are not, it seems possible that the puta- 
tive nucleation site includes the 13 common 5' vRNA nu- 
cleotides whose complement is lacking in mRNAs (sec 
below). 

The influenza B virus NP protein contains 560 amino 
acids and is 47% homologous to influenza A virus NP, and 
the influenza C virus NP protein contains 565 amino acids 



07/11/01 WED 15:46 ITX/RX NO 9214] 1^021 



07/11/01 WED 15:50 FAX 6175428906 



F&F PC BOSTON 



[21022 



1366 / Chapter 45 

ncnt of vinons and has ion channel activity. Three mRNA 
transcripts have been identified that are derived from in- 
fluenza A virus RNA segment 7: a coUnear transcript en- 
coding M, protein; a spliced mRNA encoding the M, pro- 
tein; and an altematwefy spliced mR>JA (mRNA,) which 
has the potential to encode a 9 amino acid peptide, but it 
has not been recognised. Influenza B virus RNA segment 
7 encodes two polypeptides using tandem cistrons, the ma- 
cri;^ protein M,, and the 109-residue BM, protein of un- 
known function. The equivalent RNA segment in influen- 
za C virus (RNA segment 6) encodes the matrix protein 
which the available evidence indicates is translated from 
a spliced mRNA. 

R^A Segfnem 7 Gene Structure and Encoded Proteins 

Influenza A Virus 

RNA segment 7 of influenza A virus encodes two known 
proteins, M, and M,- The gene is 1,027 nucleotides in chain 
length and has one large ORF of 237 residues which en- 
codes the protein (6,215,409) (Fig. 8). A colmear tran- 
script mRNA encodes the M, protein, whereas the M, pro- 
tein IS encoded by a spliced mRNA (157,218). The M, 
mRNA contains a 5 1 -nucleotide virus-specific leader se- 
quence, a 689-nucleotide intron, and a 271 -nucleotide [ex- 
cluding poiy(A) tail] body region. The leader sequence of 
the M, mRNA body region encodes 88 residues in the h-1 
reading fnune and overlaps the M, protein by 14 residues. 
A second alternatively spliced mRNA (mRNA,) has also 
been identified and it has a 5' leader sequence of 1 1 virus- 



Mi 



BM2 OAF 




195 aa 



109 aa 



BM2 



1191 

_i I 
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FIG. 9. Schematic representation of the ORFs In influenza B 
virus RNA segment 7. Top two lines: the ORF encoding the 
protein contains 2*8 residues, and the BM2 ORF consists 
gf 195 residues (41). Third line: the extent of the BM2 ORF 
used to translate the BM2 protein found in influenza B virus 
infected cells. The pentanucleotide at which M, translation 
stops and translation starts is shown in capital letters. From 
Horvath et al. (148), with permission. 



specific nucleotides, and shares the same 3' splice site as 
the M, mRNA. No evidence has been obtained to indicate 
that M mRNA. is translated but if it is it would yield a 9- 
residue peptide identical to the C-terminus of the M, pro- 
tein (218), 

The M, protein contains 252 residues (M =27,801 ) and 
requires 0.5 M ICCl to be solubiiized (219), although it is 
not an integral membrane protein. The M. protein is a type- 
specific antigen of influenza virus and comparison of its 
predicted amino acid sequence among influenza A virus 
subtypes indicates it is highly conserved [reviewed in (207)]. 

Influenza B Virus 

RNA segment 7 of influenza B virus encodes two known 
proteins, M, and BM,. The gene is 1,191 nucleotides in 
length and contains two ORf s (Fig. 9). The first ORF m 
the 0 reading frame begins at the AUG codon at nucleotides 
25 to 27 and continues to a termination codon at nucleotides 
769 to 771 . This ORF encodes the 248 amino acid M, pro- 
tein, 63 residues of which are identical with those of the 
influenza A virus M, protein (41). A second ORF in the +2 
frame, overlapping the M, protein ORF by 86 residues, has 
a coding capacity of 195 residues and is designated BM. 
(41,135,148). A polypeptide, BM,, derived from the BM, 
ORF was identified in cells infected with influenza B virus 
by using an antisera generated to a p-galactosidase-BM, 
ORF fusion protein (148). The BM, prolem appears to be 
a soluble and cytoplasmically located protein of unknown 
function. In an attempt to understand the mechanism by 
which the BM, protein is synthesized, a mutational analy- 
sis of the cloned RNA segment 7 was performed. The data 
indicate that the BM^ protein initiation codon overlaps with 
the termination codon of the M, protein in a translational 
5top"Start pentanucleotide UAAUG, and that expression of 
the BM. protein requires termination of M, synthesis ad- 
jacent to the 5' end of the BM, coding region: thus, ter- 
mination of translation and the reinitiation event are tight- 
ly coupled (148) (see Fig. 9). Reinitiation of translation at 
downstream AUG codons in eukaryotes is uncommon but 
has been found to occur with artificially constructed bi- 
cistronic mRNAs (191). However, in prokaryotes, coupled 
tandem cistrons with the termination codon of one gene 
overlapping the initiation codon for a downstream gene is 
a common situation for coordinating regulated bacterial 
genes (eg-, trp operon) [reviewed in (278)], 

Influenza C Virus 

RNA segment 6 of influenza C virus contains 1 ,1 80 nu- 
cleotides and contains a single ORF of 374 residues that 
could encode a polypeptide of -41,700 (415) (Fig. 10). 
However, the M, protein of influenza C virus has an 
-28,000 on polyacrylamide gels (64,362). Hybrid-selec- 
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IN THE UNITED STATES PATENT AND TRADEMARK OFRCE 

Applicant : Lee Mizzcn er ai- Art Unit : 1643 

Serial No. : 08/977,787 Examiner : Mary K. Zeman 

T^t : SsPONSES USING COMPOSITIONS CONTAINING STRESS 

PROTEINS 

Commissioner for Patents 
Washington, D.C. 20231 

DECLARATION UNDER 37 C F.R. 6 1.131 
We, Lee Mizzen, Lawrence S.D. Anthony. Huacheng Bill Wu and Marvin Siegel, do 
hereby declare that: 

1. We are co-inventors of the subject matter described in the above-identified patent 

application ("subject application"). 

2. All of the work described within this Declaration was performed by ourselves or on 

our behalf and under our direction. 

3. We have reviewed our laboratory records, including the Exhibit submitted herewith, 
and readily conclude that compositions of matter and methods, as claimed in the subject 
application, were conceived prior to January 1. 1996. Further, due diligence was exercised from 
this time period until the invention was actually reduced to practice. 

4. Prior to January 1. 1996, we conceived of a fusion protein containing an antigen and a 
stress protein to induce a cell mediated cytolytic immune response against the antigen. 
Experiments by us confirmed that such a fusion protein could be prepared and used for in vivo 
immunization. 

5. The following Exhibit (annexed hereto) represents laboratory notebook pages and 
matenal requisition forms kept in the regular course of business at StiessGen Biotechnologies 

CERTTFICATE OF MAILING BY HRST CLaSS MAtt. 

I beieby cenify wider 37 CFR 91.8U) thai ttas eofrapondence is brio J 
deposited with the United Sttles Pwi«l Service as firii slass nml vath 
sufficieai poBUge on the (Uae indicatrd below and is »ddi«SBd to the 
ComtBiuioner for Pfcirnis, Wutaingioii. D C. 20231- 
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Attorney * s iJocket No.: L207l-01i0O2 



Applicant ; 



Lee Mizzen er aL 



Serial No. : O^lUSl 
Filed : November 25, 1997 
Page : 2 

Corp. The dates-have been removed from the copies submitted herewith. It is our 
understanding, based on discussions with assignee's representatives, that this is a permissible 
Patent Office practice. The Exhibit discloses the initiation of preparation of a fusion protein as 
described above. 

6. The work described in the Exhibit was conducted in the United States of America or 
Canada. 

7. In summary, upon review of our laboratory records, of which the enclosed pages are 
representative, we have concluded that, at least prior to January L 1996, wc had conceived of the 
compositions of matter and methods as described and claimed within the subject application* 
Further, our conception of the invention led to further research, diligently undertaken, resulting 
in an actual reduction to praciice. 

We further declare that all statements made herein of our own knowledge are true and 
that all statements made on information and belief are believed to be true; and further, that these 
statements were made with the knowledge that the making of willfully false statements and the 
like is punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and may jeopardize the validity of any patent issuing from this patent application. 
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PABUCULATE HYBRID HTV ANTIGENS 

This is a coniinuatioii-in-part of Ser. No. 07/036,888 
rUed Apr. 10, 1987. 5 

FIELD OF INVENTIOS 

The p reseat lovendon rel&tes to paniculate Human 
Inanuxiodcficicncy Virus (HIV) ^tigcits. In particular 
It rcLatei to hybrid particles compoied of fusion prateizu 10 
coBiprising axnino acid sequeaces encoded by the TYA 
^cne of the yeast retrotrusposon Ty and unino neid 
scquenca encoded by HOf, vectors containiag ihe 
genes for thfi fusion proteins. v«cton for the high level 
cxpsx39ioa of the hybrid particles and a method for the IS 
production of that partida in yeast. The Ty^HIv 
hybrid p^tticla nuy be used as an H£V vaccine or as 
cQBpoaento of KIV di^^ostic testa. 



BACKGROUND ART 
HIV, also known u LAV or HTLV in, is the cbuu- 



20 



poKd, a vaccine antigen coiUd be: marked with some 
otha antigot to disdngtiish vaccination from infection 
or cotnpositc antigois might be produced. 

A subitanual dtsadvastage of most antigens produced 
by recombiaani DNA techniques for vaccines is that 
they are usually made as sitaple moQomeric procaine. 
This 14 not the Idesl conflguranoa for an immunising 
snCigeB as it doa not readily pennit the cross-linking of 
the components of the immune system that is required 
for snaximam stimulation of huisotai uid cellular immu- 
oity. An ideal immunogen is a polymer of muUiple anci- 
goie decermidanA aaseisbled into a high molecular 
weight carrier. A good tmmtmogen should also have 
the number epitopes exposed. This is best 

achie^d by prtaenting multiple copies of the antigen on 
ihc surface of a poLxricle. For this reason it would be 
daii&ble m develop polyvalent particulate carrier sys- * 
tema for immunising andgeao. 

DISCLOSURE OF THE INVENTION 
An entirely novel polyvalent onCigBn carrier paciacie. 



tive agent of Acquired Immuno-DeBciency Syndrome 
(AIDS) (BaiTc-SLnooMi ei ai 1983 Science 22D, 868; 
Gallo et aL 1934 Science 12^ 500; Levy et al. 19&4 
Science 223, 840; Clavel et al L986 Nanire 324 69 1). Ac 23 
praat there is no cure for AIDS nor is there a vaccine 
avulabla. The gCnctic organization and ihe encirc nucle- 
otide sequeicc of HTV is knew (Katner et &1/ 1985 Na- 
ture 3 13, 2T7i WainrHotaOtt ei ai. 1983 CcU 40, 9; Mues- 
Ing et al. 198S Nature 313 450; Sandoz-Pescador et aL 30 

1985 Science 227 484). HTV is a lentivirua-like re- 
trovirus with gagi pol and cnv genes like other re- 
travimacB but it also contaiu addiidoaal coding sequen- 
oea, aor tat. ut/tt9 and 3' orf that are involved in vari- 
ous aapeco of virus replication and expression (So- 33 
diQski et al 198S Science 227. 171; Sodroiki et al. 1986 
Nature 319, 535; Sodroski et al. 19B6 Nator* 32U 412; 
Petnberg ec aL 1986 Cell 4^ 807) although the fiiBcnons 
of sor and 3' orf are unclenr- 

Thrca general approachea can be used to produce an «0 
HIV vacBiac. Fuvi, Urge amouvU of HIV can be 
grown and inaetivaced to provide anrigea. Second, 
recombioant DNA techniques can be used to produce 
HIV antigens eitlio' as simple monomeric proveina (C-g. 
PuBiey et aL (1986) Science 234 1392; Laakey et aL 1986 45 
Science 233 209) or aa vaccinia vinia hybridx although 
it is not clear thai geaerol uae of a live vaccinia baaed 
systeai wO] eve- be conadered aofe (e.g. Chaknborri et 
at 1986 Nacvre 320, 535; Zagury et oL 1987 Nature 326, 
249), Thixd, syBCherio pepddea might be useful 50 
(Kennedy et oL 1986 Sdoce 231 1556; Chanh et aL 
EMBO I. 3 3065). 

Moot of the work to date on producing HIV antigens 
has focusud on the production of the two surface gly- 
coproteins encoded by the cnv gene, gpl20 and gp41 35 
(Putney ct al. op. cit^ I^okey et aL op. cic; Cera et aL 

1986 EMBO J. 5 3031) although there has been some 
work on other antigens e.g. tat lU (Aldovini et al. 1986 
PNAS 83 6672)p sor (Kan et al. 1986 Science 231 1353). 
pol (Veronese et aL 1986 Science 233 1289; Kivncr et 
al. 1986 Science 231 1380). The producdon of HIV 
andgens for vaccinea or diapiostic* and research mate- 
rial by tecombinaat DNA technology has three key 
advantages o^er production based on propagation of 
iha vinn. Flnt. it is safe. Second, high yields can he As 
achieved (Putney ei aL op. ciL) by using high efficiency 
expresaon systems. Third, h is ven&iilc in thai andgcoic 
domains that might oomaUy be concealed may be ea- 



based on the ability of the pi protein encoded by the 
TYA goic of the yesat retiotransposon Ty to form 60 
am parriclea known as Ty*VLPs (virus Like particles), is 
the subject of U.K- Patent Application No, 8626 14B 
[having a common assignee wkh thia application.] pi 
fusion proteins can be produced by construction of 
appropriate TYA hybrid genes comprising some of the 
coding region of TYA and the coding region of any 
antigen. Thoc fusion proteins form hybrid Ty-VLPs 
«xk1 present the added andgca in a high molecular 
weight polyvalent particolatc form that is ideal for the 
atinulation of the tT'TT*"****** immune response. In the 
present invention this technology is applied tp the pro- 
duction of panscnlotse HTV anrigms 

Aficording to a Got aspect the present invendon 
providM a fusion protein capable of assmnbltng into a 
particle, che fusion ptoidn comprising a first amino &cid 
sequence and a second amino acid sequence, wherein 
(he Grst unino aod sequence is iiibatantially homolo- 
gous with a porticle-foiming protein enooded by a re* 
trotruspoBon or an ILNA retioviru and wherein the 
second ■"'iTin. gcid sequence is substantially homolo- 
goua with an HIV antigen, and wherein the a^cond 
unino acid sequence does not form an amino amd ae* 
quence oatttrally directly hiaed to the first amino acid 
sequence by the said retrotronxposoa or RNA re- 
tiovinis. 

According to a ssond aspect, the invention provides 
a particle ttsmprising a plurality of fusion proteins, <Ach 
fiuion proton oompriaing a fixit aoioo acid sequence 
» ^ti a second •"i^r^w aod set{ucnce. wherein the first 
aminD acid sequence is subataatially homologous with a 
particle-forming protein encoded by a retrotnnsposon 
or an RNA retrovirus and wherein the second amino 
«dd sequence is substaatiaAy homologous to an HIV 
andgCB and not naturally fused to the first amino acid 
laquance by the said rettotranspoaon or RNA re- 
trovirus. 

Th^ particles may be referred to as particulate HTV 
andgenS. 

Such particlea win generally be tubtiantially pure, by 
which 15 raeanl at least 31fc. 10%. 20%, 50%. 80%, 90%. 
95% or 99% by weight pore, in increasing order of 
preference. 

A given particle may be composed of a plurality of 
different tusioo proteins; that is to say fusion pto ttiia 
having different second amino acid sequence* from 
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each other, thereby prcscneio^ diftercat HIV antl^cos. 
Two, [hree or eva more different second immo acid 
sequencca tna.y be present in a panicle. 

The fint aoino-acid'seqiieace ni&y be the product of 
che yew. Ty TTA gene, the prod act of copiA ^nd eopia- ^ 
IDce elemenu from insects or che ga.g geoe of & RNA 
retiQvinueL 

Recroviroses Lnetodes Human Iflxniutiodeficieticy 
Vinu 1 2n6 II (HIV-I, HTV-ir), Hutnin T-ceU Lympho- 
trophic Virus I uid H (HTI-V-I, HTLV-II). Murae 
Leoluaoia Vum, Moloney Murine LeukaemiA Virus, 
Moufic Masimary Tomour Vinu, a^viah Leukosu Vi- 
rus* Srv, Feline LeuksemimVirus, Human &*ccU Lym- 
photrophic Virut and Bovine Leukaemia. Vims. Reiro- 
uansposom indiated above, include the Ty element of 
yeast, the copia and copiA-iike elements of inseccs such 
as Dwppkiiia meJviaxQSserm, VL30 in cnice and lAP 
^enea in mice. 

Preferred retro itmaspocoiis include the yeast retro- 
craesposon Ty. It has previously been sho^n that Ty 
dtirgtx the synthesis of 60 nm virus-like panicles (Ty- 
vi.Pt) (Mellor al, t98Sa Nature 3 IS.513). It has now 
been discovered, among other things, that the p t pro- 
tein, encoded by the TYA gene does not appear to 
require funher procesaing to produce Ty-VLPs. There- 
fore the Ty-encoded amino acid sequence is preferably 
the p 1 protein encoded by the TYA gene, Ic is knou'n 
(Fulton cc a NAR 13(U) 1985 4097) that both classes 
(I and ID of Ty make pi; so either class may be used. 

The Ty^«nGOded amino acid sequence need not be the 
whole of the pi protein: instead it may be a part of the 
pi protein encoded by a pan of the TYA gene, u^hieh 
put ii capable of directing the synthesis of Ty vims- like 
particles (Ty-VLPs). Prefeabiy the Ty-encoded amino } ^ 
acid sequence is derivable from Che class I Ty element 
known as Tyl-15, The stop codon at the end of the 
TYa gene is prrferably not included; if it is included, 
however, fusbn piotein may oooUntie to be expressed 
albeit at low yield, as ic appean that the step codon may 4q 
be ignored with a frequency of sboui 1 in 20 times by 
the fnmahiiting mechnoism described by Wilson ei al. 
(NAR 14(17) 1986 7000. 

The present invainon is thus ai lease in part based on 
the discovery thai Ty protein pi, the product of che 43 
TYA gene (Dobson et aL 19U EMBO J 3. 1115) is 
sufOcicnt to produce Ty-VLPs and chat pi. among 
other thiogSk is capable of being used in the formation of 
pnniclea corapotfd of fUsion prticeuiS^ 

The second anoBO add sequoice may be substantially sq 
hoAOlogoUi with (which term cleariy indnda 'Sdenti- 
cai to") any BtIV aangen. The HIV antigen may be an 
HTV-I or mv-n aotiscn. It may be giycasylaced or 
ochervnse foodified, whether by a nanu«l pdsc-tran- 
scriptional modification mechanism or otherwise (e.g. 55 
by chemical synthesis)^ In panicolar* the second amino 
acid sequence may be an HTV surface glycoprotein. 
Such glycoproceini (or at least some of them) are be- 
lieved to be encoded by the env gene. Inxtancei of these 
glycoproteins include gpilO and gp4l. 60 

Thus this invennon includea as the second procetn 
HIV antigens having substantially the same andgeniciiy 
as HIV andgen p2i, p4U or pl20. 

A first pare of the seeond amino acid sequence may be 
a linker sequence, which may in some ciicuntscances be 63 
readily cleavable, The remainder of the second ammo 
acid sequence may thus be cleaved off in a purifications 
step. 



4 

Panscuiate antigens in accordance with the invention 
may therefore be usefUl in the pre^aniion of vaccines, 
which form a further aspect of the invennon. The voc- 
cme may comprise a particulate antigen and a physio- 
logicaUy aceepuble non-toxic carrier, such as sterile 
physioiogicai saline or ncrile PBS. Sterility will gener- 
ally be essential for parentecnlly administrable vaccines. 
One or more appropriate adjuvants may also be present. 
Examples of suitable adjuvants include muraniyl dipep- 
tide, aluminum hydroxide and saponin. 

[t should be noted lhat vaccides in accordance with 
che invention may present more than one antigen. Ei- 
ther a cocktail of dilTcrent paniculate anugens may be 
used, or a homogeneous population of paniculate anti- 
gens having more than one epitope could be used (pre- 
pared, for example, by allowing a mixture of different 
hybrid proteins to aggregate into particles or by ex- 
pressing more than one particulate antigen in the same 
cell>| alternatively, a vaccine could contain a mixu^re of 
these sons of particulate antigens. 

1st a further aspect, the invendon provides nucleic 
acid comprising a first nucleotide sequence and second 
aucleotide sequence » wherein the fine nucleotide sc^ 
quencc is sabscaacially homologous with or comple- 
mentary to genetic nxatenal in a recrotrvuposon or 
RNA retrovirus encoding a particle-forming protein, 
ind wherein the seoand nucleotide sequence which 
encodes, an HtV andgen, to fonn a fusion proidn 
which is not nanirally produced by the said retretran- 
iposon or R^A retrovirus. 

It will generally be the case thai the nucleic acid will 
be capable of being expressed without splicing or an- 
dtensuaation events. There will generally be no frame- 
shifting. 

In certain embodioients of the invention, we provide 
a TYA gene derivadve thtt can be fused to an HIV 
antigen coding sequence to prtMluce a TYA fusion gene. 
The TYA fusion gene produces a fusion prpteia that 
issembles into hybrid Ty-VLFs These hybrid Ty- 
consdttize a high molecular wetghc parheulate 
antigen proentaiion system that can be produced in 
very high yieids and that can be purified by simple 
physiol procedures. 

Further according to the piresent invention we pro- 
vide an expressioa vector including nucleic acid as 
defined above. An example is pMA56zO, which in- 
cludes TYA gene derivative; and which directs the high 
level production of hybrid Ty-VLPa in yeast. 

Cacpresaioa vecton in accordance with the invention 
wjJi usually contain a piomata-. PCK is a prefetred 
promoter, bat any other promoter may be tised if aeecs- 
sary or doirable. Examples includes OAFD^ GAL 1-10, 
PH05. ADHI, CYCl, Ty dclU sequence PYK and 
hybrid promoters made Cram components from more 
than one promoter (such as those listed). 

TI1C invention also includes host cells for example 
bacterial cells such as K eoiL yeast cells such as 5. eerv- 
wisiae, or animal cells such as COS or CHO ceils con- 
taining apprtipriate expression vectors. 

Because of the polyvalent nature of the particulate 
aaCigcoa it is likely that it will be easier to produce 
antibodies than with conventional andgens and that 
those anbbodtea will have specific characteristics. The 
inv^don thus further provida andbodies raised against 
particulate antigens of the invention. The antibodies 
may be polyclonal (obtained for example by injecting 
antigens into a cabbit) or monoclonal antibodiex pro- 
duced by hybridoma cells in accordance with the tnven- 
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tian. BcEsuac of the polyvaient nature of the particulate 
anxigeu ic is likely that in vitro LmxEiunisation can be 
achieved mOT«ieadily than with other foxi^ of antigea; 
this inay facilitate ihc produccioa of human inaDocionBi 
anobodic^. Hybridoma cclb may be prepare by fusing 
spleen cells from aa Lcnmusised animal with a curaour 
cdL Appropriately so^eting hybridooxa cdla may 
thereafter be selected. (See Koehler &. Milstein Nature 
1976 296 495). 

The inventiCB abo provides i suitable teebzuqtie for 
purifying HTV ancigen^ Thi* aipect of the invention is 
b««ed on the fact that ii is generally relatively easy to 
separate particlea from a&soCAte inipuritio (for example 
by filtraiton of coitrifugarioD). Therefore, there is alsd 
provided a method of producing a aubstantiaily pure 
HIV anogesp the method comprising separaEing para- 
des as dooribed above from associated impurities and 
subsequently cleaving HIV antigen froto the fusion 
proteins of the particlea. 

Fusion protein and particulace andgena of thh inven- 
tion are useful ss diAgftOSiic reagenta. Paraculate aati- 
geas are useful diagnostic reagents. Pardculaie anti- 
geni for dia^nostio purposes are parciculariy advanta- 
geous because they can be physicaUy separated by cen- 
cnfugatioa or nitration snd can be directly dispersed an 
solid fiupporu such as glass or plastic slides^ dip ttickfi, 
macro or micro beads> teat tubes, wcUs of Enicrotiier 
plates and the Uke» The particulate andgcns of tbU m- 
vendon may also b« dispersed in fibrous or bibulous 
mntcrials such as absorbent (see U.S. Pat No. 
A,$)2,901). strips or ehrotnacosraphy columns as the 
solid support. T^a pardelea and fusion proteiru readily 
adhere to solid supporta. The parddca may after purifi- 
cadoo be disrupted into fusion proteins and the fiision 
proteins may bo dispenod on vur^ccs as indicated 
above. These reageais ai« useful for a variety of diag- 
— ncMficTfeso- For cvunple, a teat sample suspected of 
having antibody to the particulate antigen aod a fluores- 
cat. enzyme or radio-labdcd anobody is competitively ^ 
reacted with the panacuLaK mi^ffigr** or fusBOO protein on 
a solid support and the amoont of labeled _Sndbody 
which binds to the paztcttlaie.^dgEirOD~Uie solid sup- 
-~ port Tm'u iiTarr s iiii j e — nf rnh inveBCion arc also use^ 
ful for aggtutinauoB reaodoas with anobodies. Those 
ikilled in the dia^osdc arts will recogroae a wide vari- 
ety of application of particQlate andgena and fusion 
proteins of this invendon for diagnostic purposes. 

The invcntioB is mw illusoaied by the following 
Examples* with rcfereoce to the accompanying draw- 
ingSk in which the letter T followed by a number refen 
to MDi04c tnnalbned with a pbanid of that number: 

FIG. 1 is a phonograph of Ty vims-like particles 
(Ty-VLPs) parked from MD40-4c cransfonned with 
plasmid pMA91-ll. 

FIG. 2 is a schematic diagmm of the construcdon of 
pMA562a 

FIG. 3 b a diagram of plasmid pMA5620 with an 
eiepanded diagram of the tey components of this exam- 
ple of the tnveddon and the nueleedde sequence around 
(he unique BaraHI site. 

FIO, ^ shows the nucleotide sequences around the 
BantKI sites of plasmids pMAS620, pMA5&21 aad 
pMA5622. 

FIO. 5 shows the approamate position of fragments 
hiv3 to hiv 10 on the map of the e^v region of HIV. 

FIO* 6 shows (he nucleotide sequence of the 5' ends 
of ftagmcnU hivJ and hiv 10. 



FIG. 7 shows a Western blot of sucrose gradient 
fractions from cxincis of MD4CMC and MD40-4<: trans^ 
formed with pMA5620-hiv5 and pMA5620-8- The blot- 
ted proicijis are probed with anti-Ty-VLP antibody- 

FIG- 8 shows an electron Enicrograph of hybrid Ty:- 
HTV-VLPs produced from pMA5620-hiv5- 

FIG. 9 is a diagram of the approxiinatc position of 
fragment hiv22 on the map of the gag region of HTV 
and the nucleotide sequence and araino acid sequence at 
the TYA-hiv22 juocdon in the plasmid pMA562Q- 
hiv22, 

FIG. 10 is the nucleic add sequence and deduced 
amino acid sequence of the pl:p24 fusion protein en- 
coded by the plasmid pMA562D-hiv22. 

FIG- 11 is the sequence of two synthetic HIV oli ga- 
mers. 

FIG. 12 is the nucleic acid sequence and deduced 
amino acid sequence of the pl:hiv31 fusion protein 
encoded by cha plasmid pMA5620-hiv3!. 

FtG. 13' is the nucleic acid sequence and deduced 
Bxjuno acid sequence of the pL:hiv32 fusion protein 
encoded by die plasmid pMA5620-hiv32. 

The amino acid symbols in the drawings ajc :is fol- 
lows: 



25 



30 



35 



Th> amino m«i frmboU in \\m drmwio ire m fallo**^: 
Amioo Acia OB»-tert«r Syreboi 



Aai«Bd/or Ajp 



QluBBBC ■cad 
Olli uo/er Ola 
Oiydoa 



erynae 



Serine 



A 

% 

N 
D 
B 

C 
Q 
E 
Z 
O 
H 
1 
L. 
IC 
M 
F 
P 
S 
T 



45 



SO 



53 



GO 



65 



EXAMPLE I 

Strains used were E. coU AXBC28 (C6Q0. thyC. 
thvA. irpCl 1 17. hsdWC hsdi^) and S cer^iMM MD^ 
4c (urd2, irul, leu2-3, Icu2-n2, his3-ll, hl53-l5). £ cqU 
media were prepared according to Mfller (Miller 1972 
Experiments iit Molecular Genetica, CSH p^33) and 
yeast media were prepared according lo Hawthorne 
and Monimer (Hawthorne and Mortimer 1960 Genetics 
43, 108!?). 

£ cols was transformed using standard methods 
(Maniads ct al. 1982 Molecular cloning • A Laboratory 
Manoal, CSH pi 99). Yeaat was transformed as de- 
scribed by Hmnm ct aL (Hinnen et aL 1978 Froc< NatL 
Acad. ScL 75. 1929). 

Standard procAdurca were used for rennction diges- 
tion and plasnud constructions (Maniaiis ec al. 1982 op. 
cit). Restriction oizymea and T4 DN A iigase were used 
aceording to the suppliers instructions. Bal 3 1 exonuclo- 
ase digadons were carried out as descnbed by Dobson 
et al- (DoIboq et al. 1982 NucL Acids Res. 10, 2463). 
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Deletion end poirtt were detetmined by DNAscqucuc- pMA9l-ll overproduce mwive wnountoof pi Pro«»f • 
mg (Sanget ct aL 1977 Pnac. Nail. Acid. Scl 74, 5463). ch« prinaary ir»n»iatuSa product of Oie TYA gene (L3o5- 
BmdHI synthetic oligonuclegtide Itnkera were obcained sou ci al. 1984 op. cic; Mdlor « al. 1985a op. cii). >*^e 
from PTinrmnTTr - - now dtmonsiratc thai extracis of yeast iransformants 

PlAMnidDNA WMi*olBMdfroiii£ to^' preparatively 5 conlaining pMA9l-l 1 conUin Ty-VLP* in l^rge quanci- 
u dacribed by ChinauH and Carbon (Clainauli and ties (FTG- 1). TTiereforc TYA alone coniains sutTcieni 
Carbon 1979 Gene 5, 111) and for rapid analysis by the infonnation to make TyOVLPs and ihe pi protein 
mecKod of Halfflca and Quigley (Holmes and Quigley found in eitracti of MD4a4c conLaining pMA9Un it 
19H1 Anal. Sioctaem. 114, 193). lasembled into panicles CFTG. 1). 

Ty-VLPs were purified as follows. Yeast cells were 16 The comrnicrioo of aplasmid vector. pMA5620, chat 
grown selectively ac 30' C. to a density of 8x10^ would direct the synthoii of any hybrid Ty-VLP parti- 
ccils.ml-^ The cells were then collected by low speed cle is shown schematically in FIO, 2. ThU required che 
centnfttgation. washed once in ice-cold water and re- conauuciion of a vector containing a convenient re- 
suspended in T£S buffer fID mM Tris, pH 7.A; 2 mM striction cndcaucicase site wixhin the TYA gene such 
EDTA; 140 mM NaCl) at 1 ml per I liter of cell*. The 13 that any coding sequence can be inserted into thai sue to 
cells were disrupted by vortcxing with glass beads (40- create a TYA hybrid gaie However, it is raseniial that 
meih; BDH) at 4' C until >70^« were broken. The *athfai such a hybrid there is sufficient TYA coding 
beads were peUctcd by low speed cenirifugation, then sequence to direct the synthesis of Ty-VLPs. 
ihc supcmalant was coUectai and the debris removed Plasnid pbdA9l-ll was cleaved with BglH digested 
by cenrrifugation in a mioofugc for 20 minutes. Ttie 20 withBal3l exonoclcase for various rime* and rc-ligated 
Ty-VLP$ were then pelleted from the supernatant by in the presence of excess Bam HI linkers 
cencrifugation at 100,000 g for I hour ai 4" C. and by (CCGGATCCGCX The deletion end points of the 
reauapoided overnight in TEN buffer. The resuspended resulting plasmids were determined by DNA sequenc- 
Ty-VLPs were ccnirtfugcd in a microfuge for 15 min- ing- Pltemid pMA91-357 is a deleuon derivative in 
a 4" C. to remove ceU debris prior to loading the 25 which 265bp have been removed. This places the 
juperaaiMitonLoa 15-45% (w/v) sucrose gradient in 10 BamHI linker one nudeodde beyond codon 381 of 
mM Tris, pH 7.4; 10 nM NaCl and spiamng ai 76,330 g TTA (FIG, 3). 

for 3 hours at IS' C. Fractions were collected through In order to provide both crxnscription termination 
the bottom of the tube and the peak fracdoni were sequences and translation stop codons in all three read- 
ideadfied by running aliquoB of the fractions on SDS* 30 ing frames the deleted PGK 3' lerrainator sequences of 
PAGE gels and Cooma«ie blue straining. VLPs were pMA9l-357 were replaced with a Z87 bp BamHl-Sall 
Goneentrased by centrifbgation of the peak fracdons at DNA fngmoit isolated frm pltfmid pDT86. This 
100,000 g for I hour ac 4" O DNA frapacni is a notified 3' tran»cripiion terrainator 

Protein eitracti of whole yeast celb were prepared as fragment from the yeast PGK gene which contains 
previouciy dscribed CMellor et al. 19ft3 Gene 24. 1). 3S trvulation stop codons in all three rending frames 
Gel procedures were those of Laemmli (Laemmli 1970 downstream of the BamHI site (FIG. 2). This tcnnina- 
Nature 227, 68). Protein conccntraiions were measured tor ft-igmeot starts with a BamHI linker 
by a dye-binding aaaay (Bradford 1976 Anal. Biochem. (CCCGaTCCGG) linked to the last sense codon of the 
72, 248) obtained from Bio-Rad Laboratoiies, PGK coding sequenee and eitenda lo the Hindlll site 

Plasmic pMA9l-ll haa been described previously 40 279 nucleotides beyond the PGK coding sequence 
CDobson et aL 1984 EMBO J. 3» 1115): it contains the (Hitzemao ct al 19M NucL Acida Rea. 10, 7791). In 
first L450 nudeoddca of the major transcriptional unit these constructions che HindXII site has been converted 
of the Ty element, Ty1-15, insert^ into the high em- to a Sail site using synthcrtc linker. The terminator 
dency expreasion vector pMA91 (Melloret al, 1983 op. fragmcni is not critical and aay fragmaii containing 
cit; Kingsman and Ki*cr^*« 1985 Biotech, and Genet 45 terminanon codons in all three reading frames followed 
Eng. Rev. 3, 377). The Ty component was derived from by a yeast transcription terminator would sufHce. The 
j)KT40b as described by Dolson et aL (op. cit): pKT40b reiulling plasmid. pMA5620. contains ■ unique BamHI 
haa been deposited with the National CoUectxon of rile into which any auitable sequence can be insened to 
Indoscrial Bacteria. Aberdeen, U.K. under tce^ion produce a hybrid protein which will be assembled into 
number MCIB 12427. In tunu the cKprcssioQ vector 50 hybrid Ty-VLPs. 

pMA9l conMB of plavaic pBK22 sequences which Plasmid pMA5$20 is shown in FIGS 2 and 3. It can 
allow leplicsBian and lelecdon in eoii, the yeasi 2 tccept the coding sequence of any antigen at its unique 
mkron plavmd orisin of replicadon. which allows efTi- BamHI site and thea direct the synthesis in yeasi of the 
dent aatDwrnoiB icpUcation in yeaafc, the yeast LEU2 resulting fusion protein. Clearly ihe antigen coding 
gene es asdectable marker in both yeast leu2 and colt 3S sequeoce must be inserted in such a way that it is in the 
leuB mutants and a Bg/U eicpression sue which sepa- sane rranslacional reading phase as TYA, In order lo 
rates the upnreaa non-coding region of the yea&t PGK simplify this for any resiricdon fragment containing an 
gene ftom — 150O to ftrom the 3' region of PGK imigen coding sequence two derivatives, pMA5621 and 
which contains all the signals for yeast tranicnptton pMA5622. of pMA5620 were constructed in which the 
termination. Plasmid pMA9l is also described in U.S. 60 cleavage points of cheir unique BamHI sites placed at 
Pat No. 4,613,974« alt)K>agh it should be carefully noted poaitions that correspond to TYA translational reading 
that the plasmid daignaled as pMA30l3 In FIG. 15 of phases +1 aad +2, pMA5621 and pMA5622 were 
this U.S. Patoit is what is now known as plftsmid constructed by cleaving pMA5620 with BamHI, filling 
pMA9l. The plesraid shown in the lower part of FIG, in the 5' extensions with DNa polymerase I and then 
lofU.S. Pal. No. 4,615.974 has since been renamed. 65 Ugaiing in the presence of oligonucleotide aAG- 
Ty eapression is driven, therefore, from the promoter GaTCC for pMA562l. and obgonuclcotide 
of the highly effidcns ycaat phosphogiycerate kinase GOATCC for pMAS622. The sequence of the con- 
gene (FGKI and yeasc extracts of strains containing structions was eoaftrmcd by dideoxynucleotide se- 
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quenctzz^, FIG- A shows a compnrisoa of the aequBacei ue obtained with the other construcdan& The fracdoru 
of pMA3620» pMA3ti21 and pMA3622 aiound their of the sucrose gradient that contained ihc 70 kd fusion 
unique BaioHI sites with respect to the reading phase of protein were examined by electroa microscopy and 
TYA. were ahown to contain pardelo (FIG- 8). We would 

la order to produee hybrid TyrHIV-VXPs it wes 5 conclude ihcrefore that pMAS620-hivj directs the pro- 
tieeessary to i&acrt fngments of che KCV provinU ge* duction of hybrid Ty:HIV-VLPa. 
aome into pMA562a, pMA5621 and pMA2621. HIV Xq order to escahliih that these VLPs do in fact carry 
DNA was tarn che provii^ form of viral isolate HIV HIV epitopes fractions containing particles from the 
rb (HTLV iXIb) as reported hy Ramer et ai. (19BS Na- sucrose gradients tnay be pooled and samples were ma 
tun 313. 277). Plasmid pHlVX ia plasmid p5F4^ 10 on an SDS-PAOE. electroblotted anco mcroceiluJose 
(Ptoniega Biocec) concaiaing a 8^31 bp SscI fragment and then probed with anti-Htv antiserum. As a positive 
rhax starts at the secotid SscI site of the provirus and control for this ezpehmenc dianipted HIV may be run 
eqds mc the tfaird> This fragment contains therefore ail of ftlongsidc the particle protcina. 
the viral coding resioos and^ai the source of the HIV ^ , 

fragments. 13 EXAMPLE 2 

Eight HIV fragxnentfl from ibm onv coding region of in order to test the efficacy of the hybrid Ty:HlV- 
the vinu were chosen for an initial study. These were VLFs produced as in Example I in eliciting an immune 
doignated fra^meno biv3. hiv4. hiv5, hiv6, hiv7, hivS^ response to the HIV component antiaera are raised in 
hiv9 and hivlO. Fragment hiv3 is a KpnIiPvuII frag- rabbits against concentraced hybrid Ty:HIV-VI-Ps pu- 
ment corresponding apptowmatcly to codous 41 to 287; zo ^^^d fiom MI34C-4c translbrtttcd with pMA5620-hiv5 
hivA u a DraI;HindnX fngnieni correspondmg approxi- aad pMA5fi20.hiv8. These andseca are then usod in a 
mately to codona 341 to 639; hivS is a Dral:Di«I frag- Wotern blot against diiraptad HIV, from which it may 
meet corresponding approsumateiy to codons 127 to jcctt thai they react showing that the hybrid Ty:- 

341; hiv6 ts a Sau3«:Sau3a fragment corresponding ap- HTV-VLPs induce the production ofanti-HrV antibod- 
pcoximateLy to codons 25 to 112; hiv7 is a Sau3a:Sau3a 23 |a, 

firagiDcnc corresponding approximately to codons 1 12 „ important that an antigen that ii to be used as a 

to 272; hivg is a Sau3a:Sau3a ftagmenc corresponding vaocine induces the production of ueuu-alising antibod- 
ippronmatcly to codons 272 to 466; hiv9 is a. Sau3a> ^^j,^ To teat this for the hybrid Ty:HIV-VLPs the aniis- 
Sau3a fragment corresponding approaimately lo co- g„ tated ia an HTV infectivity neutralisation assay, 
dou 466 ui 388; hivlO ia a Sau3a:Sau3a &a^nt corrt- 30 ^^^^ j^j^y antiierm will neutral- 

sponding approxmiately to codona 588 to 743. jiIV showing that the hybrid Ty:HIV-VLPs are 

FTQ. S show* the approxiE&ate poiiiioaa of these useful as a vaccine, 
fragments on a map of the HIV cnv region. Each of the , These dam show: (1) Vision protein* composed of 38 1 
fragments were purifiol from agarose gels and inserted ^j^j^ia acids of the TYa gene and various fragmeau 
ittto either pMA5630, pMA562l or pMA5622 by van- 35 j^y are readily producedi (2) these haion prote- 
ous hiva wo uuen«d ^a a stic^-end ligation produce polyvalent hybrid Ty:HIV-VLPs; (3) cheae 

into pMAJttO to ptoduce pMA3620-hivB; hiv6 and hybrid Ty^HlV^VLPs r«et uath anti-HTV antiserum: 
hiv9 were uaerted mto pMA5621 vim sricky-^nd Uga- ^ ^^y^^^ TyrHlV-VLPs induce the production of 

ttooi to produce pMA5621.hiv6 and pMA562Muv9 neuiraliaing anti-HIV aadbodiea id rabbits. Ir is reason- 
re^vely: hivT and hivio were inserted into 40 therefore to oapect that pWA562D, pMA3621 or 
PMA5622 vu st«=fcy^d 119^ hiv4 ,ad h4vS sacky- pMA5622 wiU direct the e^cMiOo of polyvalent hy- 
ends were filled m by DMA polymerase I jnd Ojcn the ^rid Ty;HIV-VLP, couniaing any HIV antigen from 
fragmoits were Wunt*ml mto pMAS«0 that j 3,^^ „f ,hes- 

l«d been '=»«f ^ |o may consmute a kny component in a vaccmc 

produce pMA3620-hiv4 and pMA5630-hiv5; hiv3 sack- 45 t diagnostic kit 
eyueods were filled in and thea the frigmenc was blunt- ^ 

end Ugated into pMA56Zl that had been cleaved at the EXAMPLE 3 

B«nm .ite and dso fiUod m to produee pMA5«l-hiv3 Producrion of Hybrid HIV:TY-VLPS Carrying 

FTG. S shows the nucleotide vrqnmre of the 5' cads of a nri«~ 

the hiv3-10 Ccaffiumta. 50 Anageia 

Bach of lbs pIsMula waa us^ to traBsfonn yeast The HIV ^g precursor protein is cleaved into three 
itiain MD4(Me 10 leoaae independeice- Extracts of raacure prtiteins pi7i p24 and pi5, that form the vinu 
the rsuiting ttmufarmanta were t h ^ n analysed for the cor«. The p24 protein is paniculariy significant from a 
presence of hybrid TyJIIV-VLPa. VLPa were pre- diagnostics point of vi<-w as HTV positive assymp- 
pared from tmafoniuna and fraciioas from a 15-45?^ 35 tomatic individuals have high titres of anti-p24 anti- 
lucroae gmdieai were rea on an SDS-PAGE geL The body. Furthermore. p24 may be significant m the prt>- 
proteins were vtsaalisad by Wotem blotnag and U\en duction of a vacdne (Salk* L9S7, Nature 327. 473). 
probing with an ann-Ty-VI.p antibody* FIO. 7 showa In order to construct hybrid HTVTy-VLPs carrying 
the results for PMA5fi2ahtv5. p24 antigens, a HindlU foment, hiv22. from the gag 

The fusion of the part of TYA present in pMA5620 to 60 gene of the HTV proviral genome was inserted in the 
biv5 should produce a new Ty-HIV protein of about 70 BamHI site of pMA5620. hiv22 starts at nucleotide 1082 
kd. This protein, if it is in paxtieulate form, should co- and ends at 1709 (Ratner ct ai; 1983 Nature 313, 277) 
migrete with the paniclea in extracts of MD404c trans^ aad it encodes amino acids 99 to 308 of gag. This region 
formed with pMASSlO-hivS but oomaioa an interferon- contains, therefore, the carboxy-cnd of pl7 aod moat of 
alpha2 cDNA instead of an hiv3 fragment (UX patent 65 p24 (FIG. 9), hiv22 was inserted into pMA5620 such 
application No. 8626148). The dam in FIG. 7 show that that the TYA and gag sequences were in frame (FIG. 9) 
ths is the cue suggesting that pMAS62&-hivS directs and the resulting molecule waa deatgaated pMA562CV 
the production of hybrid Ty:HrV- VLPs. Similar results hiv22. This plasmid waa introdoeed into yeast strain 
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MD4(Mc vui eanca of the tmsfominia were then uialysed for the presence of hybnd HJVTy- 
awdyscxl an lS-459t sucrose gradients. Cgomwie VLPs. VLPs were prepared fittm die rranafonn ants arid 
fitaio^ SDS-PaGE geU qf the gradient fractions te- franciions frota a 13-45% sucrose gradient were run Ott 
vealed the preawuee of a fusion protein of about 75 kd, SDS-PaGE geW. Id both cases Coomassie blue scand- 
thc expected size of b pl:p24 fusion protein, in the re^ J ing revealed the presence oi a fuaioct protein of about 54 
gtoo of the gradient characteristic of particulate stnic- itD, the expecied size of both of ihe HIYtTy fusion 
tures. Thai this proteu carriea p24- aniigm was con- proteins, in the region of the gradient characiecistic of 
finned by blotting a ainular gei and probing with a p24 particulate sinxctures, although it is noticabLe chat the 
monoclonal anribody. This showed a clear peaJc of re- precise position difTen for the two typa of particls. 
acdng material well down the gradient at a position \o These data show that synthesized oligomers can be 
dtagnosTLC of panicalate structures. The pardculate used in the conatniction of hybrid HFViTy fusion geno. 
nature of the pl:p24 fhsion ^vas further confinsed by Ovetupraaion of these genes results in the producuon 
examining peak fracnons in the electron microscope. of hybrid HIV^Ty-VLPs- This system could be used to 
Ntimeroux particls were ^en. FIG. 10 shqurs che produce defined env andgens for diagnostics or an antx- 
ainino acid sequence and nucleotide coding for p I -p24. 1 5 HJV vaccine 

These data show that hybrid HTV Ty-VLPs carrying EXAMPLE 3 

p2* antigens can be produced sad that the andgen re- caa 

acts with an Bnd-p24 monoclonal antibody. This system Enzyme IflUDunoaftsay Procedure with VLP Having an 
may be used to produce p24 antigens for diagnostics or HIV Andgen 

an anri-HTV vaccine. 20 96-weU micnatitre pUtes are coated with VLP having 

EXAMPLE 4 » HIV antigen (VLP-HIV) by incubanng 50 ^tl of 

„ , . . . „ J - -„,,r- . 20 ug/ml of VLPs in 50 roM sodium carbonate buffer, 

Synthetic Oligonucleotides to Produce Ty;HIV Fusion 9 5 ^^h well for two houca at room tempemture. 

EacBsa VLPs HTV are washed out of the wells by three. 
The oligonucleoddes were synthesized by amamatsd five minute washes with phosphate buffered saline 
phosphoraiaidiie chemistry using cyanoethyl phos- (PBS), pH 7.4. In order to minimize bactcground reac- 
phoramiditea (Beaucage and Caruthers 19SI Tetrahe- lions. die wells are blocked with IQQ ^1 of 2% casein in 
dron Letters 24i 245), FoUowmg de^b locking and re^ FB$ for one hour at room temperature, followed by 
moval from the controlled pore glass suppon the oligo- three, five minute washes with PBS containing 0.1 'Ki 
mer^ were purified oa denaturing polyacrylamide gels, ^o Tween-20 (PBS-T). A teat sample is suitably diluted in 
further purified by cchanol precipitation and Hnally PBS-T coDcaiiiiag Q.5% easeia (PB5-CT). a suitable 
dissolved in waier prior to estimation of their concen- diludon may be a throc^fold dSution seciea from I/IO tp 
tration. The oligooien werv then Idnased to provide 1/7,290. The HIV antibody in the test sample is reactive 
them with a 5' phosphate as reeiuired for the ligation ro the HIV component of any hybrid VLP-HIV 50 ul 
step^ Complementary oligomers were then annealed 3S of diluted test sample antibody is added to the appct>pri- - 
prior to ligation into the relevant plasmid vector. The ata ^ells and Incubated for two hours at room tempera- 
sequeaee of die synthedc oligomers was confirmed by nuc. Excess tat sample antibody is renxeved by three, 
didcoxy sequBociBg* Hie protocol used was esaentiaUy five minute washes with PBS-T. Secondary antibody is 
as has been described (Biggin et aL 1983 Froc. Natl horseradish peroxldase^labeled anti-species IgG, and is 
Acad. Sci. SO m 3963) and modified to allow Bequencing 40 diluted 1/1,500 in PBS-CT. 50 of diluted secondary 
on plasmid DNA as described (Guo and Wu 1983 NucL andbody is added to «ach w«ll and incubated for txno 
Acids Res. 1 1, 5521). hours at room temperature, followed by five, five nun- 

la order to construct hybrid HIV:Ty-VLPs carrying ute washes with PBS-T. The substrate is 3,3'.5,5'-tci- 
env andgeaa two DMA oUgotnen were synthesized. ramethylbenzidine at a concentration of 0, 1 mg/ml in 
Oligomer hiv3l is 105 bp in length and encodes amino 4S 0.1 M sodium acetate, adjusted to pH 6.0 with 0.5 M 
acids 495 to 527 of the env precursor protein gpl60 of citric add. plus 0.03% hydrogen peroxide. 50 ^1 of 
HIV lb CZTTLVnib; Ratner et il. I$&5 Nature 313 277): substrate is added to each well and the eolor reaction 
it spans the cleavage site between gpl2Q and gp^i. developed for 10 mi&uiea. The feacdon is tenninated by 
Oligomer hiv32 is I U bp in length and encoda amino che addition of 25 ^1 of aS M suU\iric acid to each well, 
acids S3 to SS of gpLJOof KlVlb (HTLVIlIb; Hainer et SO Color darvalopmenc is ■asrsird by meaiurement as 450 
ai; 1985 Natnre 3 13, 277). The codons were selected to nm using a microplace reader. In this way a direct assay 
be those itm ate favofod by yeast (Maniyama et al of the HIV antibody in the tat sample is performed. 
NucL Acids Ro. SappL t4v 151). The end points of the What is claimed is: 

oligomen were daigned such that following ligation L A particle cemprisiag a plurality effusion proieuis* 
into pMA5620 cleaved with BamHI. a BaraHI site 55 each fusion pcoteia comprising a Hrst amino acid se- 
wOuld be re-created at the 3. end of the insertion and a quence and a second amino acid sequence, wherein the 
BamHI/Bgin Junction generated at the 5' end (FIQ. fir^t amino acid sequence is substantially homologous 
10). with a parriele-fomuag protein encoded by a yeaai 

The synthetic ollgomM hiv3 1 and hiv32 (FtG. 11) TYA gene without TYB gene sequence and wherein the 
yucn Ugnied into pMA5620 that had been cleaved at the 60 sccoed amino acid sequence is substantially homolo- 
BamHI site. The resulting plasmids are daignated gous to an HIV andgen. 

pMAS620-hiv3l and pMA5620-hiv32. The complete 2. A diagnostic reagent comprising particles of claim 
nudeodde sequeaee and the deduced amino acid se- 1 dispersed on a solid support. 

quence of the HIV:Ty fucion protetns encoded by these 3. A pamcle according to claim 1 wherein the second 
two plasmids is shown ia FIGS. 12 and 13. 6S amino acid sequence is immunologically reaotive to 

Plasmids pMA5620-hiv3l snd pMA5620-hiv32 were antibodies which are immunologically reactive to HIV 
used to transform yeast strain MD4&4c to leucine inde- proteins pl^ p41 or pi 20. 
pendeoce. Extracts of che resulting uansformants were * * ■ « « 
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